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ABSTRACT : PROBLEM TO BE SOLVED: To obtain a GaN LD with low noise and a stable lateral mode 

capable of a long-life continuous operation by forming a contact layer made of BP or GaN 03 

or SIC between a double heterostructure part and an electrode surface feeding a m 

heterojunctlon strutured part with an operating current. ~ CO 

— I 

SOLUTION : A buffer layer 3 is formed on a substrate 2 and after annealing step, a contact ^ 

layer 4 made of Si doped n-GaN is formed. Ne*t, the first clad layer 5, a waveguide layer ^ 

6, a light emitting layer 7, the second clad layer 8, a saturation absorbable layer 9, the — 
third clad layer 1 0 are formed furthermore, the second waveguide layer 1 1 , the fourth clad 

layer 1 2 and an Mg doped Intermediate contact layer 1 3 are successively formed. Next, § 

the other contact layer 14 made of Mg doped p-BP Is formed on the Intermediate contact r~ 

layer 13 between the projecting striped waveguide layer 1 1 and the fourth clad layer 12. HI 

, The thickness of this contact layer 1 4 is equivalent to the distance from the surface of the Q 

projecting stripe to the bottom of a current feeding electrode 1 5 on the topmost part. Q 
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P-A1..1 Ga,., Njfr&jjSaJSS 0.. 3<xmOJ|lr2 
^5 F«2 8, Ms: F-^p-GaN*>6J5£2»/»3 
0. Btfm©«Pl«J=»>4» : !7ha2 8*tja^:}l?^3tii.- 
C 0 0 3 4 ] Ci^©^ h =7 4 7yitcm2.Ltc.m2 ir?v 
F«2 7 4qiH3>**hj»2 8©FiiftHK:tt l 1 0"~ 
lO'Vem 1 4*«K(cMn% F-^-r<5C4«:j;t) 
^«jR«r*Sft]S-t*/tG a N«SRHjhJ| 2 9 *i. Btft^ >j 

a>Xf*S{bf y=>*^xi?4ur. jjs«ttft«cj:ij 
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» 

[0 03 5]±fa©«js«:*jw»r. fln«fclB6©£t$ 
0. 1-0. 2Mm*$. JBf2j»«»2 6cD^30. 0 6 
y m J; 0 Ga I n N$fc>U8Pi©iE?L©W$l) 

»a#*$i,>;fe©tc. »ii*«»e4&fc»7 4©ra© 
is i w?a» 6 voiEKowfS^imyir^ c 4*j-c* s 

C4K<fcS. P-GaN*i€,(jJ5^2i)WgB2 6WJtie 
8»»Hft»©-C. Cft*»<r£C4fcJ;tl 

[ o o 3 e ] -mmi<&®M 9 s rusai l«g h z # 

^©Jt^asBkitSttS, J&rteEieoflMRjfe^vu^Jliiffi 

«. nrse"sjiafDgR4si» 9 4 «ifcra.it» 2 9 s^ag t, . £ 
rT®cD^»«»jttc«J;»j«rsaLD, LED*ffi;&T*e 
4*it?ts. 

[0 03 7] «i£«fi5ttnfU©«ffi2 5K:AuGe : 
0. 1 Mm, Au : 0. 5 (tm, pffill©«fl53 1 (CP 
d : 0. 5 urn. C r : 0. 1 Mm. Au :0.5m 20 
m. *^<O«^gtt^X«aHR^X4't?4 0 0~8 

oo*c-c«yas-i-^citcj;»)*-s ^a^^h*! 

CO 0 3 6 J ±BB©J:5K:GaN«SfcPfilh«2gK:«^ 

T*C4{cJ:«3GaN*JfflKaiac*), ttf?«SS*Ka± 
•TaCiJWr**. ^tCti»aGaN«j5SiiajtH2 9<i 
1 0' -1 0' / c mCflK^^MM^wtJ: -5 
«f0, LDM©«*- K*fMSI-r€.C4*i'C**„ C 
©B*«ftHjUB2 9^oaS*0^W«Jtt. Mn 30 
8S»Cr, V/j:i-*ffit»S{:4*J-C*2,. K*-47 

TttSi. Se. T^-fe^"if4UT«Zn. Cd&4*«* 
*S. CiH©lffll$®Jfflfc|3j«fc^#*.5,. fll*.^ 
n.>«>^©&<t*jRs. w&4i/rijsinrr.&c4K:.fc 
0. ^JS<DC4H^>)ji*n.5ft:«>, «^±W5PJ-C 

[003 9] H7, E 8 Wl!i3* 3 ©5W6©J$K©gy& 
ES7«*Jt>*C«a>^ ^ HS4t/rp -BP 
1 7*E^TU*. *A:H8{C*Jt»r»a>if^ h«4 40 
Lt A 1 *ifti*K{c8S»nUfcp - S i C«rffl<,»*Cl,»&. 
BPfeS i C t,ft{CH3^3^^t? A5fc»Jt«?W5fe®iR 
*W3 < . *>-3jE7L©»ttlS*i3»cdC»© , Cp - A I G a 
N3fl2 d?5 ? FJB2 7, p -Ga N$|I0:a>£3' hJB2 
8©/*S*»< LTfc. = 32 ©#(RiK©R? 

t,»©r% tt^«ffi4A4S{Cfi«f * C 4tft?* 
S. B«a©iB»3 BPt?HGaNJ;»)feailTS)W/ha^^ 

*we. hH4t,r©«ftl©taaxe#Mt;i&©(c 

MP**"*©*. WlB»2*5s» FJI2 7. *BBa>f 
»F«2 8©«S*E(C»<r*-5iW^i*«**..A ( c*j|a 50 
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BKmt&jmVit, S i Ca^ji? h«3 2£ff<fiS; 
SLtefc, S i C8fi2i/<» ?T«3£$fJg«:j:ijKi 
£-r*C4*iT*£, C©*$tt:t,T. tt^«E4(»t6 

[0 04 0] 01 0W*»K©LD. LED*fpJ«f€. 

©{cffii»/c8jjftsui©«te!{j&^r»f®iat?**, e^s 

f&»8 l©^»Aa62«>%. SW&£fi©jBW4tt-& 

»£#**i*A3h$. s©e 3 »#*©$«□?* 
ash. si c^&Htme 7wmz*3-#i'-V"k-7ii e 

4©±tc«HSnS. *-#>?-fe7'*6 4tti#JBIi£:3 

»e 6*ffl<,>T»»Es*v iKa>i>a-7 (m^ti 
wish i o©sias«K£ffluT;K©j: ^ &#&-cf¥sss 

[0 04 1 ] S i CfiXSS$R6 7 6 
4«c««L/fe«, #**An6 2*>e>W*«J&'to&4l l 
/m i niAl/. KJCB6 1 ©*»<&«&■$".&. £(c# 

*»«ne 3*n- * yuo^te&tfsu sterartss© 

EE2>£1 0-100tor r©JSffl(CK)£-r5. 
[0 0 4 2 ] S j CESSES 7 4*#cfcT? 1 5 0 0 'C 
tc»n«it^®'&W^<bT-S. #{C»tgffi&* 1 0 5 0- 
1400-CtCfiTO. *3R^6CNH, N, H« 

xizm&tt&mtmi. m« (ch, > , n 

. H, fc&AT-^-H-K. ^»^iI{b^«J^»AbSWB 
fiSS*ff5. Gatt-&!&j4 08*.«Ga (CH 

, ) , XWGa (C, H, ) , £*AUO&fi£*f5. 
A Hfc^?4 OTtt. m«A 1 (CH, ) , XttA 1 
(C, H, ), , I nffc£«s4t/T«:. I n (C 

H, ),XBIn(C, H,), *i»AL/r A 1 s In 

[0043 j &m®im>imi.i'X&. nmwmm 

4 UTS irtSSfbtSj, m«S i H, , WfK&flfS i fb 
m»3CS I (CH, ) 4 . XWH, Se$tf» 
P»^«i«5ffi4l > -CW«sfe)KMg<fc-&«B, Wi«C 
Pi Me (V^O^^*j;i^7«J/^A) XWW 
«^«Zn (CH, ) , ^«r«^f*. i«R4»»B-r5 

I n©B(Dji*3?*?fe«r5fc© I n £$ttA&Jfgj$*j" 
*WJc«, SBR. r^^VJ85©zk3R*$*<cc»3:H»* 

JWW41/THNH, 35f^*!> 
_.(CH, ) i Ni Hi .ftJilMS - 

[oo44j p mmi<Dffltitmzmn&'tt#>K 

»*. l£B*^©*J&©i!A*«!fW-r « C 4 *JfiS?r* 
*. C©/cat>, ««fflS^ €.J*»r*BRv 7 0 0-8 5 

o-c*r-ttNH, rtxtz-ctimisxmmomtzm*.* 



C7) 



n 



^fttJW*^£(U8±*£ci#T?&.&;rc». 900- 
1200 -cv<Di$&mm# ^j«6t* * rar a» 0 r & < . 

[0045] isaJttftisoA^w^oafj jk 

*UbTNH, *1 x 1 or'mo 1/min, Ga (C 
H, ), £1 x l O-'rao 1/m i n, Al (CH, ) 
, 41X1 0-'mo 1/aii n**AL."C/£g**T 5. S 
taattttl 0 5 O'C. EE#7 6 t o r r. JgUft#*<D*& 10 
tftttK 1 1 /m i n , n?g^*8!g9£ CTS i £ S e . p 

mUrtXHZSiH. , H» Se, Cp, Me. Vuj^ 

[0046] g a itm~»ruma&i:ma&* 3 mm 

K=»fi> KS1 3. St4*3"/ FBI 2. GaNJ&2 
SEGaNJi?2WiftBl 1 *B**r:t ??:/ja/cafl} 

h * 4 m&m, turn. m&iamm&<»& 20 

Pre. nh, t***#6«:H»*'efiS^ 1 000- 
1 2oo-ct?3 o&mm.Tz. comM&KM&m 

ft. FWMasfc-ft. 

[0047] %(CB1RiUt« 1 1 00-1 2 5 O'CtCK 

P^V** hJfl 4*)£S*-&. p^^ffi«JiU-C»M 
g. Zn, nJfJ^W^ily-CftS i . Se£J8<r>£>. IS) 30 
BK^J:?K:*&K:p-GaN3>** KB3 0*« 

ST^w-^tctt. •>x^*fis^y* < in|5-ciae4oo 
-l ooo'c. *?±b<tt6oo~8 0o*CT8&*a-ffi-r 

[ o o 4 8 ] a 1 1 tc*^ffli£K©«ss$>«is*^-r. 

7'?X^#liJ$3ft*«J:5SB8rt'S. H07 5tt^9X 40 
^B^OfffflKttB-CAt. £^7 3±tCfc8yif* 

*«iaL/-caria<o«itoffl*?T5. Mft.tfBiic*rjt9 

tc. «8KltSfitS3>j» $> KB#P -BP-C«S*H£ 

#Btttt©tt&*ft * 

[0 04 9] 

J:SJtt6!ft*rti»«:{gBUfcBP. GaNXWSiC* 
*> KB&LTflJUSCiCCfcO. GaNfcWSL 
D. LEDOttfHIEtfiftU B*ft®Bttttfl«fcS 50 
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[0 0 50] BP, GaNXttS i Cfttfcjffi&ttiBUh 
BK. *tftK©5RW®*«SairSC4{CJ:«3. WftEOih 
B4 UT©»*b<!:«*- PHMgui««rftfiMmV!S 

[0.05 1 ] 4fc&3fcB«:Ga I nNBfi*Bi,», «SR 
fflih«R^3>** Kaftfij*©fcao©*mfcBP. G 

fciteMDi&fcBfcGa I nNS&fe6jtt£jftttft]flMXfl 
Hffi©ffl*fe8lJJf] 

h i ] *&M<om i <omm<o^nsiOhDoimi:mr 



» 

B 3 ] St£*BfrS L te*»9!© L D8H6©§8f*fl|4 >S 

*ikhb. 

El 5 3 *$«8©S& 2 ©JBfeoKB© L D ©ABB*** 
RffiSEti 

B 3 3 #&93©SI 3 ©*&©?&«© L D (OWttmt 

B71 #»£©» 3 ©SttO7&ft©0Bft tmrBB 

El 8 ] *KI9©» 3 ©^t£OJt5!«8©ffi©agJg«=&wr 
BOTH. 

ia 9 3 m&>immm<oL d ©«3»*^-r»fraa. 

B 1 0 } 3(5J513©LD. L E D<D«jiJSK©«^«:m 
nKBB. 

H 1 1 ] *Si!90L D. L £ Dffft&attSOfcjafcjK 

ma. 

f^OlttW] 
Ti/Pt/Au«fi5 

2 n-Sl C8«t 

3 n-AlN'<?77» 

5 n-A 1 GaNSU 2>v ? KB 

6 n-GaNffl&ttJI 

7 Ga 1 nNfeteW 

8 p-AlGaN»2i-79Pi 

9 p-SaU NnlilfaWJRJB 

10 p-AIGaN*3i'5» KH 

11 p-GaN»2*«M 

12 p-AIGaN*4>7> KB 

13 p' -GaN*IBl3>at^ KB 



03 

14 p -BP=J>»,J7 hff 

15 PdZn/Au«t 
18 n-BPSSfePlihil 

17 p-BP3>*£>f-JH 

18 Ti/NSffi 

19 n - S i CVUVmitM 

20 p-GaNS2i|«» " 

2 1 p-AlGaN»S?5-; KJB 

22 p-GaNJ»3»jS» 

2 3 n-GaNWSJSSita 

24 p -BPa>f* h» 

25 AuGe/AutS 
2B p-GaN*2*ttH 

2 7 p-A 1 GaNS*2*7» K« 
28 p* GaNttJM3>^* hS 
28 GaN : MnStifeHLLhJl 

30 p -GaNa>*4> hm 

3 1 Pd/Cr/Auti 

3 2 p -S i C : A 1 t-» 

3 3 Ni/AuWffi 

34 n-GaAsS1g 



10 



20 



* 35 
36 
37 
38 
38 
40 
4 1 
42 
43 
8 1 
62 
83 
64 
65 
66 
67 
7 1 
72 
73 
74 
75 
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n - G a A s /< * 7.?IB 

n-AI GaAsf 1H Dj£S>/a 

Gain P«*» 

P-A J Ga I nP»2HWa»JB 

n - G a A s SStPfiihW 

p' Ga I nPt£|«3>£i>h» 

p-GaAsa>J j> ha 
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p-AKaN 
SolnN 
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n-8IC 



[Bin 



ArNz 




C9) 



»KJ¥9-2 32 68 5 



[H3] 



rorn/Au-H 



GolnN 



p-BP 



p-GaN> - 
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-16 



WZn/Au- 



p-AlGaN-^| 
GolnN 



fl-AfiN- 



p-BP 



n-SIC 



p T -QcH 



p-AjggN 



12 
II 



ft-6tiW 



n -a4gon 



n-GoN 



f>-SiC 

n/PT/au^ezzzzzzzzzzz: 



19 



.10 
9 
B 

"5 

-3 

-I 



[BBS]- 



me) 



Po2n/Au- 



p-AtGoN- 
GalnN . — 



n-AlH- 



Z22ZZZZZ ////////// 



P-BP 



p-GoN 



p-AlGoN 



"V-KIT 



h-AIGoN 



n-GoN 



23 

21 
20 



.^6 



—5 



]w3 
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p-GotnN- 

p-GaN— 

6dnN 



n-AlM- 



p-GoN 
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-OqN 



R-AlGaN 



A-GoN 
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n-GoAJ 
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unto:*] «7asn*2B» 

imfB) W-f&l 4^5^24Q (2 002. 5. 24) 

laW**} ^58-^9 -2 3 2 6' 8 5 

¥fiS9^8^6B (1 99 7. 9. 5) 
WjW*] &5fl&ft£«{9-2 3 2 7 
[ttflffi##J ft«I¥8 - 3 9 6 4 6 

HOIS 5/30 

HOU 33/00 
[F I ] 

HOIS 3/18 

H01L 33/00 C 

CJattiH) ¥0514^2^285 (2002. 2. 2 
8) 

[^mtJE i ] 
imm*amm 

(R*V1] A!,Gs l In 1 . 1 ,.,N (OSx + yS 

i. o*x> y*i) tobimshic. mimim<Dm 

c oft 2 BB iya »«^ieaw feihfe uptbs 4 C J:?> 
3 > * » b mt£mi± C t 

fc«affljt»4, «w2Mi;i&»«a>iinaa8iME>nu: 

i*»H#A l.Ga r I n,... v N <0£x+y£ 1 . 0£ 

x. y$ i ) a>e>**$3*u ttrsea^** h»#BPx 
[■Mas 3 tinBtttiffljk«ttBP. x»s i c, x 

tt*«K©M n 8WC J: 0 t* a *Kte*«» 

^CLfcGa N, X»iflf«S©ZniS i (DflttDCcJtQft 
^*K*$WS^jRa«i»*LfcGaN. X(*W«fiO 

tsfcGa NVftftC ±*»«41-S»jfoai2 KtattUfc 



«>«#A l.Ga. I n- vr N (Oixtv^ i 1 n< 
x, y£l) ifiZm&2h. fflBa>»» h^RP? 
ttS i CfrfefgESSiv *>-3| WBi5«OBl«teto»*ffi f 

gg» 2 a tt &fcJHo±B&ioiB 3 > 3 » ng £ ommtx. 

rSS^B5) ^3»2«DiifcJHCDSWaGSkDJ]LhSi 
(C. »2a>gg!g>GaN»6JiS6^fB3>»g hJBgg 

[11*96] MH»«BCQilHH?aibJB&. ft ffifg 

grgaffiBicaftw, mam, ftcttttrawp * 

aitfAl. Ga.ln N (0 Sx + y ai l . 

x. y< 1) frfcttfi£;**i, fflrta 3 >»»n»tf R P7 
ttS i CfrfeJft &tAfeMffi^^^te^ Bag. 
(W««7) aW3W2Hi;ji»lB|j v »2S«S[C!)W 

mmma^tsc & r hums 2 tsbhuss 

CW*W8] SJia^Ifi&WKJRWtt. Ga,.,In,N 
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^GaNiA l,Ga,.,N (0£x£ 1) ©2)»*» 
jg£W££ C i «4MR i-T S»*3S 1 7*MI|£g8©U 

CMlE»t«3!S«] 00 16 
[ffliE*^] it* 

COO 1 6] 
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